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Energetic orthoformates of the formula 
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DERIVATII’ES OF EXERGETIC 

P 
ORTHOFOR&fATES 

This invention relates 10 organic orthoformates and 
more parriculari>p to fiuoro-, nitro-, and fluotonitro-sub- 
stituted organic ortM%rmates. 

In the early 1950’s. M. E. HiI1 and coutorkers at the 10 
Na\lal Ordnance Laboratorv found Ihat certain nifroal- 
cohok ulould react with chloroform in the presence of 
anhydrous ferric chloride to yield 

(R = F, NO:) 

qmmerrical orthoformates, (e.g., see U.S. Pat. No. 2o 
3,306,939 entitled “Mhoesters of 2.2.2-Ttinitroe- 
than& Lvhich issued to Marion E. Hill on Feb. 28, 
1967.) However, the reacticn is of very limited syn- 
thetic Vaiue for energetic orthoformates as only two 25 c 
nitroalcohols (~-fiuoro-2.2-dinitroethanol and 2,2,2- 
rrinitroethanolj fiave been successfully used. With Other 
nitroakohols side reactions predominate. Another 
drau+ack to I-M’s method is that only symmetrical and 
no “mixed” orthoformates can be prepared. Moreover, 20 
it would be desirable to replace the primary hydrogen 
wirh other groups. 

l cccordin&, an objective of this invention is to pro- 
25 

vide novel organic compounds. 
Another object of this invention is to provide novel 

organic orthoformates. 
A further object is to provide new high energy, high M 

density expiosives. 
Yet another object of this invention is to provide new 

melt castabk explosives. 
A still further object of this invention is to provide 

neu high energy plasticizers. 45 

Another object of this invention is to provide a new 
method of synrhesizing novel explosive compounds. 

This and other objects of this invention are accom- 
plished by providing orthoformates of the formula 

OR’ 

50 

60 

65 

0 
II 

A 
--N 

I 
CH, 

N-j - 

cnz, or 

Methods for synthesizing these orthoforrnates are also 
disclosed. In addition compounds of the r”ormuJa 

and methods of preparation wherein R is as defined 
above, are disclosed. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The energetic orthoformates of the present invention 
are prepared by reacting chloroformates of the formula 

YR’ 
RO-C-Cl 

wherein R is 
-CW2C(NU92CH3, 

--C&C(N02)3, 
-CH2CWWt, 
-CH$F2(N02), m 
-CW2CF3, and 

R’ is 
--CI+CF(NU& 
CH$F2(N&), or 
-C&W3 

with one of the following compounds: hydrdgen flue- 
ride, potassium or sodium azide, trimethysilyl cyanide, 
or 24midazolidone to produce an orthoformate of the 
formula 

OR’ 

RO-C-Y 
i 
OR 

wherein R and R’ are as defined above and Y is 

-F, -N* -CN, or ,*t 

0 
I1 

The reaction conditions and methods of preparation are 
illustrated by examples 6 through 9. Example 6 illus- 
rrates the preparation of ths fluoroothoformates, 
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OR’ OR’ 
t I 

RU-C--Cl ,=+RU--C--F 
I I 5 
OR OR 

Exnmple 7 illustrates the preparation of the azidoor- 
t hoformates, 

10 

OR’ OR’ 
I sax; I 

RO-C--Cl ,->RO--C--J. 
I I 
6R OR 15 

Example 8 illustrates the preparation of the cyanoor- 

thoformares, 
can be prepared from the orrhoformates of the formula 

20 

0 

Example I 1, illustrates that urethanes of the formula 

25 t /\ 
Final&m, example 9 illustrates the preparation of the RO-CC-K NH 

I I I 
orthoformates containing the imidazolidone group 6R CH&7i3Hl 

0 
wherein R and R’ are the same and are 

II 30 -CH2CF(N02)2, 
OR’ c 
I /\ 

-CHtCF2(N02), or 
RO-c-a - H-S 

Y-+ 
-C&CF=,. 

f I 
OR CH~CH2 The orthoformates are nitrated at about 27” C. (or ambi- 

35 ent temperature) using concentrated sulfuric acid and 

0 90% nitric acid to yield urethanes of the formula 
II 

OR’ c 
1 /\ 

RU-CC-3 NH fi’ 
II I, 

OR CHI-CH?. P c /\ 

R”-c-Y 
xx02 
I 

Again, in each of the above reactions, R is CW,7CH2 

45 wherein R is as defined above. 
The chloroorthoformates used in the above reactions, 

--C&CFz and 
R’ is 

-CH=CF(YO:): 
-CH:CF~(XO:), or 

50 p”’ 
RO-C-C1 

t 
OR 

-CH:CFt. are prepared by dissolving the corresponding disulfides 
Exampk 10 ikxtrates that the orthoformates of the 55 of the formula 

formuia 
OR 
t 

RO-CC-SSCCI; 

60 t 
OR 

1,2-diehloroethand and then in a suitable s0bw-O (e.g., 
bubbiing the chlorine gas into the solution. A preferred 

can be Grated by usiq 90% nitric acid and concen- bf; xnctior, t~mpe~3lUie is fiGI7i a&tit 63” C. iQ about 70” 
C. Examples 6 through 9 funher illustrate this proce- 

trated sulfuric acid tit 0” C. to produce orthoformates of due* 
the formula The disulfides of the formuia 



4,499,309 
5 

* 
6 

are prepared b>* reacting a thianocarbonate of the for- 
muia 

Gth an alcohoi of the formula 

The thionocarbonate. alcohol, anb perchloromcrhyl 
mercaptan are disshed in a suitable s01vent such as 
dichloromethane. 1,2-dichloroet bane. or I, 1.2-tri- 
ehloroethane. The reaction occurs as a strong hydroxyl 
ion source, preferably an alkali meta! hydroxide. and 
more preferabl!* KaOH or KOH. is slo~lly added so 
that the pH of the reaction mixture 3~~es not exceed 8. 
T’ne reaction temperature is preferably kept 31 from 
about 0” C. to about 5” C. by external cooling. agitation 
(e.g., srirringj. and controlled addition of the hydroxvl c 
ion saurce. Examples 1 through 5 further illustrate this 
procedure, 

R’QH 

15 
and perchloromerhy~l mercaptan, 

CISCCI~. 

in the presence of a hydroxyl ion source tu produce a 30 e 
disulfide of rhe formula 

.4 phase transfer catalyst (e.g., tetrabutyl ammonium 
chloride) is preferably used to speed up the reactions 
forming the disulfides. Phase transfer catal>tsts such as 
benzyltriethylammonium chloride, terrabutylam- 
monium chloride, didodecyldimethyiammonium bro- 
mide, or cetyltrimeth~lammonium c’nlotide may be 
used. The phase rransfer catalyst is not consumed by the 
reaction; therefore only a small amount, a few mole 
percent, of the phase transfer catalyst is required. 

The hydroxyi ior15 are added slowly so the solution is 35 
only slightly basic, having a pH of not more than 8. This * 
is done to avoid the hydrolysis of the thjonocarbonates 
to carbonates which occurs in strongly basic solutions. 
&4gain R is 

--CHg(Nu9$Hj, 
-CH2C(NQ~);. 

30 

-CH2CF(W&);, 
--CH2CF2(N&), or 
-CHlCF;, and 

R’ is 
P 

35 
--C&CF(NQ~)~, 
-CH2CF2(NO& or 
-CH$Fj* 

Good discussions on the use of phase transfer cata- 
1~s are presented by Charles M. Starks, **Phase Trans- 
fkr Catalysts. 1. Heterogeneous Reactions In\lolving’ 
Anion Transfer by Quaternary Ammonium and Phos- 
phonium Salts?” Journal of the American Chemical 
Society, Volume 93: 1, Jan. 13, 197, pages 195499, 
and by Eckhard V. Dehmlow, “Phae-Transfer Cata- 
lyzed Two-Phase Reactions in Preparative Organic 
Chemistry,” Angew. Chem. internat Edit. volume 13 
(1974)INo. 3, Pages 170-178, adaprsd in Chemtech. 
April 1975, pages 210-218. 

The general nature of the invention having been set 
fonh? the following examples are presented as specific 
illustrations thereof. It will be understood that the in- 
vention is not limited to these exampies but is suscepti- 
ble to various modifications that will be recognized bv I 

Thus the thionocarbonates used will be 
bis(2,2=dinitropropq~)thionocarbonate, [CH:,C(N02)2C- 4o 

H20]2CIS; 

one of ordinary ski11 in the arr. 

EXAMPLE 1 

[C(N02)$2- 

bis(2-fluoro-2,2-dinitroethy~)thionocarbonate, 
[CF(N~Z)~C&~]:C=S; 45 

bis(2.2-difluoro-2-nitroeth~~)thionocaronate, 
[cF~(No~)CH~o]+s; 

and bis(2,2.2-trifluoroethyl)thi~n~carbonate, 
[CF_tCHzO]zC=S. 

Tris(Mluoro- 2,2=dinitroethoxv)met’n!.l trichlorometh>~I 
disuifide from thiophosgene 
[CF(No~)~cH?*]~csSC1, 

A well-stirred mixture of 40 g (0.26 mol) of 2-fluoro- 
2.2-dinitroethanol in 110 ml of methvltne chloride and 2 m 

Bis(2-fluro-2,2-dinitroethyl)thianocarbonate can be pre- 50 
pared from 2-fluoro-2.2.dinitroethanol and thiophos- 
gene using the method disclosed in US. Pat. Yo. 
4,172.W entitled, “Bis(2-fluoro-2,2-dinitroeth$)th- 
ionocarbonate and a Method of Preparation,” which 
issued to Isaac .4* Angres et al. on Oct. 22, 1979, herein 55 
inco:porated by reference. The remaining thionocar- 
bonates can .be synthesized from thiophosgene and the 
appropriate alcohol using the method disclosed in U.S, 
Pat. Xo. 4,323,5 IS entitled “Polynitroethylthionocar- 
bonates and Method of Preparation,” which issued to M) 
Wllian PI. Gilligan on Apr. 5, 1982, herein incorporated 

l 

by reference. * 
The alcohols used are 

Z-~uoro-2,2-dinitroethanoi: CF(YQj$H:OH: 
2,2-difiuoro-2-nirroethanol, CF;(N@)CH:C)H; and 65 
1, 1 ‘-trifluoroethdno!, CF;CHlOH. w .-.A 

fr7, Xote that the alcohol mav be chosen so that either 
- R-R’ or RiR’. 

g of tetrabutyl ammonium chloride in lW ml of water 
was cooled in an ice-salt bath to 0’ C. .4 solution of 6.60 
g (0.05 mol) of 85% thiophosgene (from Aldrich Chem- 
ical Co.: contained 15% carbon tetrachloride) and 12.1 
g (0.065 mol) of perchloromethyl mercaptan in 30 ml of 
methylene chloride was added all a; once followed by 
the dropwise addtion of 11.2 ml of 5C% aqueuus sodium 
hydroxide keeping the temperature at 0” to 4” C. The 
reaction solution was then stirred at 0’ C. for 40 minutes 
keeping it sligh:ly basic by the occasional addition of a 
fenJ drops of 50% sodium hydroxide. The methylene 
chlotide layer was separated, dried (!4gSO4), and the 
volatiles Lvere removed to give 353 g of oily residue 
which uras dissolved in 60 ml of chloroform. Cooling to 
- 20’ C. gave 1.55 g (6%) of di[tris(2-fluoro-2,2-dinitro- 
ethor;~.)meth~ljdisul~de (XVI). Hexane was added :o 
the chIocdform mother liquor until it began to cloud at 
room temperature. it was then treated Ah charcoal 
and filtered through a silica gei pad !W 8 silica eel 60; 
pad was 2.5 inch diameter and 1 mch deep). The pad 
was washed with 3~ 50 ml of chloroform-hexane 13:2). 
Additional helane was added IC, the 5lrrate (to give ,150 
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ml total volumet lvhich was then cooled in dry ice-ace- 
tone to give 23.0 g (70%) of white solid. mp 52”-55” C. 
Recrvstallization by dissolving in SO ml chloroform, 
adding 75 ml hexane and cooling to -20” fzave 21.2 0 
(65%), mp W-57” C.: H-NMR(CDCl>) S 4k(d); mas: 
spectrum (C.1.): (m/eiS03. 471. ’ 

,4nal. Calcd. for C~H&FJC~&O:~: C, 14.70: W. 
0.93; N. 12.86: F, 5-72; CI, 16.27; S, 9,81, Found: C, 
14.59: H, i.07: N. 12.64; F, 8.64; Cl, 16.32; S, 9.61. 

EXAMPLE 2 

Tris(2-fluoro-2,Zdinitroethoxv)methyl trichloromethvl 
disulfide from 

l 

Bis(2-fluoro-2.2-dinitroerbyl)thionocarbonat~ 

tCF(NO~)~CH20f:CSSClj CI * 
A solurion of 175 g mo5 mol) of bis(2-fluoro-z.2- 

dinitroerhyl)rhionocarbonate, 17.7 g (0.i 15 mol) of 2- 
fluoto-2,2-dinitroethanol and 12.1 g (0.065 mol) of per- 
chlorometh~*lmercaptan in 110 ml of methylene chlo- 
ride was srirred \:igorousIy in an ice-salt bath. .4 SOIU- 
tion of 2 g of tetrabutyl ammonium chloride in 75 ml of 
water was added followed by the dropwise addition of 
6 ml of 50% aqueous sodium hydroxide with cooling at 
2” to 5” C. The reaction solution was kept slightly basic 
at 0” C. for 20 minutes by occasional addition of a felt 
drops of 50% sodium hydroxide. Workup (same as in 
example 1) gave 2.79. g (11%) of di[tris(2-ffuoro-2.2- 
dinirroethoxy)methyIldisulfide and 283 g (86%) of 
tris(2-fiuoro-2,2-dinitroethox~)meth~?l trichloromethyl 
disulfide, mp 52X5’ C. Recrystallization gave 26.05 g 
(%O%), mp 55om5?o c. 

A similar run starring with 42 g (0.12 mol) of the 
thionocarbonate, 22.4 g (0.12 mol) of perchloromethyt- 
mercaptan and 14 g (0.156 mol) of fluorodinitroethanol 
gave 8.4 g (14%) of diltris(2-nuoro-2,2-dinitruethox~)- 
methyljdisulfide and 55.0 g (70%) of tris(Xluoro-I?.?- 
dinitroethoxy)methyl trichloromethvl disulfide (III), * 
mp W-57” c. 

EXAMPLE 3 

Bis(2,Zdinitropropoxy) 
(2-fluoro-2.2-dinitroethoxv)methvl trichloromethvl 

disuifide - 
I 

A mixture .of 20.5 g (0.06 mol) of bi@Jdinitro- 
propyl)thionocarbonate, 14.5 g (0.078 molj of per- 
chloromethyl mercaptan and 21.2 g (0.138 mol) of 2- 
fluoro-2,2-dinitroethanol in I10 mI of methvlene chlo- I 
ride was cooled in an ice-salt bath before 3.0 g af tet- 
rabutyl ammunium chloride in 70 ml of water was 
added* 50% Aqueous sodium hydroxide (10.0 g) was 
diluted with ZO ml of water 23d added dropwise at 0” to 
4” C. until the reaction sa~uticn turned basic to litmus 
paper. The methylene chloride iayer was separared. 
dried and the solvent was removed to yield an oil w*hich 
was washed ivith 200 mi of hexane and then with 20G ml 
of water. The insoluble oil wzs chromatographed on 
sihx gel 40 (mech>*lene chlc?ridehexane as eluent) to 
give 13.4 g (35%) of an oil unhich turned solid (mp 
63*-W C.) \then triturated wilh hexantl; H-NSIR 
[(CD;)$L=O]: S 5.33 td.2Hj. $41 (SAH 1, 2.39 (s.bH 1. 

8 
EXAMPLE 3 

.3L solution of IQ.5 g (@.O> mol) of bis(LfIuoro-2,2- 
dinitroeth)rl)thlOnOC3rhonate. 7.25 g (0.039 moI) of per- 
chlorometh!*\ mercaptafi and 6.9 g (0.069 mol) of X,2- 
trifluoroethanol in 50 ml of methylene chloride was 
cooled in an ice-salt bath. Tetrabutyl ammonium chlo- 
ride (1.5 gj in 30 ml of Lf’ater wac added followed by the 
dropwise addition of a solution of 2.8 g of sodium hy- 
droxide in 5 ml of water wirh cooline; at 0” to 3” C. The 
methylene chloride layer was separated, dried and the 
volatiles were removed to give 16.5 g of oil which u*as 
e>:tracted with 2 x 50 ml of boiling hexanes. T*ne cooled 
extracts were decanred from a small amount of oil) 
precipitate and the solvent ~2s removed to give 6.0 g 
(33%) of an oil which was nearI\- pure bv TLC analvsis. 
.4n analytical sample was obtaiied by column c&ma- 
tography on silica gel 60 using hex;ane followed by 
methylene chloride-hesane as eluent: I-L-mm 
(CDCI:l: 6 4.59 (d.W), 4.15 (2. Xi. 

.4nai,* calcd. for C&%F:Cl:,S~Q 1: c. 16.02: H, 
1.01; N, 9.X; F, 15.84; Cl, 17.X; S, 10.69. 

EX4M PLE 5 

i2-fluoro-2*2-dinitroetho~!*:~meth\~l trichloromethvl 
disulficie l 

I 

To a w&-stirred solution pi 7.26 E! (O.G3 mol) of 
bis(!.‘.l-trifluoro~~h~~)thionocarhonars 6.14 2 (0.033 
mol) of perchlorom&hyl mercaptan and 6.0 i (U.039 
mol) of 2-fkloro- 2.2-dinitroethanol in 40 ml of methy- 
lene chloride cooled in an ice-selt bath Mlas added 15 e 
of tetrabutyl ammonium chloride in 30 ml of water 
followed by the dropwise addition of 5 ml of IOK aque- 
ous sadium hydroxide at 0” to 5” C. The reaction soIu- 
tion was then kept sIightly basic for I5 minutes by the 
addition of a few drops of aqueous sodium hydroxide 
when required. The methylene chloride layer was sepa- 
rated and the solvent was removed to sive 18.0 g of oil 
which was dissolved in a small amount of chloroform 
and passed through a silica gei 60 column with methy- 
lene chloride-hexane (30:70) as eluent. Tk product was 
9.95 g (61%) of an oil: 21-YMR (CDCI;): 6 4.90 
(d,ZW)! 4.15 (q? 4Hj. 

-4nal. calcd. for CE;H&F$Z!&CI~: C, 17.61; H, 1.11; 
N, 5.13; F, X.38: Cl. 19-49; S, i 1 .X. Found: C, 11.62: H, 
1.05; N, 5.19; F, 24.177 Cl, 19.23: S, 11.56. 

EXAMPLE 6 
Tris(2-fluoro-2,2 -dinitroethyl)fluoroorthoformate 

fCF(NO+XI~0~~C--F 
.4 soWon of 6.2 g (0.01 mol j of tris!2-fIuoro-2,2-dini- 
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mp 90’~95” C. Crystallization from chloroform gave 
3.88 c (79%). mp 96’~98” C.: H-%MR (CDCIj): 6 4.85 
d): rkss spemum (CL): m/e 5 19(M +CzH5-), 471, 

.k~al. c&d. for C;H&,FqUi5: C. : 7.15; H, 1.23; N, 
17.15: F, IS.50. Found: C. 17.23; fx, 1.33; N. 16.98; F, 
15.66. 

5 

hexane to eive 3 white solid which was &solved in 60 
ml of dry bl.2-dichloroethane. 2-lmidazolidone (6.0 g, 
0,069 moI) utas added and the misture was stirred at 
ambient temperature for 24 hours before the insoluble 
solid was removed by filtration and stirred with water 
to give I 1.63 g, mp 1 W- 156” C. Removal of the solvent 
from the dichloroethane mother liquor (reaction solu- 
tion) gave a residue which was stirred with chloroform 
and water to yield an additional 1.12 g, mp 152”- 155” C. 
[total yield= 12.75 g (76%)]. The analytical sample 
from dichloroethane had mp 155’~156” c.; ’ 
H-NMR(C&): 8 4.46 (d, 6H); 4.00 (s, IH), 2.66 (t, 
2H), 2.20 (t, 2H); IR (KBr): 3480 (SW), 1725 (c=o), 
1605 (NOI) cm- I* 

ENMIPLE 7 

Tris(2-fluoro-~:2-dinitroethorrv)arjdometh~ne 
I6F(NO:):CH?OJ?C-N-8N-N + 

A solution of 2.2 g (0.00336 mol) of tris(2-fluoro-2,2- 
dinitroethoxy)merhyl trichloromethyl disulfide in 6 ml 
of dry I,2-dichloroethane at 60’ CI was treated with 
chlorine gas for 2 hours. After an additional 2 hours at 
60” C. the volariles iltlere removed with a stream of 
nitrogen and the r&due was washed three times with 
hexane to give a solid ulhich u’as dissolved in 10 ml of 
drv benzene. Sodium azide (0.45 g, 0.0069 mol) and 
l&rown-6 (0.3 g) was added and the mixture was 
stirred at X-27” C. for 20 hours before it was filtered 
and the filtrate subjected to chromatography on silica 
gel 60 (methylene chloride-hexane as eIusnt) to give 
1.09 g (63%) of an oil; H-XMR (CDCl3): 6 4.75 (d); IR 
(liquid film on XaCI platesj: 2155 (NJ) cm-t. 

.4nai. calcd. for: CYH~N~FQ~: C, 16.38; H, 1.18; N, 
24.27; F, 11.11. Found: C, 16.52: EI, LB; N, 24S3; F, 
10.91. 

EXAMPLE 8 

Tris(2-fluoro-2,2-dinitroethoxy)acctonitrile 

[CF(N~~):CHZO];C-C=N 
Chlorine gas was passed into a solution of 3.3 g (0.005 

.nol) of tris(2-fiuoro-2.2-dinitroethoxy)methyl trkhlo- 
romethy disulfide in 10 ml of dry 1Sdichloroethane at 
60” C. for 2 hours. The reaction solution was held at 60” 
C. for 2 hours before the solvent was removed wirh a 
stream of nitrogen and the residue was washed three 
times with her;ane to give a white solid. Dry tetrahydro- 
furan (10 ml) and trimethylsilyl cyanide (0.75 g, 0.0075 
mol) ws added and the solution- was heated at refiux 
temperature for 24’ hours before the solvent was re- 
moved to give a dark oil (2.52 g) l+rhich after trituration 
Gth chloroform and cooling yielded 1.20 g (48%)? mp 
rr’lc - 0 13 - / 5 C.; c~stallization from chloroform gave white 
needles, mp 77”- 78” C.; H-NMR [(CD3)zM]: 8 
5.35 (d); IR (KB:) 2265 (weak) cm- 1. 

Anal. Calcd. for Cs&N7F3015: C, 19.33; H. 1.22; N! 
19.72; F, H.46. Found: C, 19.35; H, 1.22; N, 19.72: F, 
1 1.37, 

EXAMPLE 9 
l-Tris~2-fluoro-2.2-dinitroethox-v)methvl-2-imidazoli- 

done ” * 

0 
II 

A 

-4 solution of 19.6 s !0.03 mol) of tris@fluoro-2.2- 
dinirroerhox~)mer’n!-i trk’nbromethyl disuifide in 55 ml 
of ch- ! .2-dich!oroe!br!e 21 55”-60” C. was treated 
chl&ins gas for 

with 
2 hours. then held at W-60’ C. for 2 

hours before th 
njt rogen. Th e 

removed with 3 stream of 
washed three times with 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

10 

Anal. Calcd. for C&-I1 1NgF3016: C, 2 1.59; H, 1,99; 
N, 20.14; F, 10.25. Found: C, 21.55; Ei, 2.00; N, 19.96; F, 
10.16. 

EXAMPLE 10 

l-Tris(Z-fluoro-2,2-dinitroethoxy)methyl-3-nitro-2- 
imidazolidone (IV) 

To an ice cold solution of 1 ml of 90% nitric acid and 
3.5 ml of concentrated sulfur& acid was added 0.60 g of 
l-tris(2-fluoro-2,2-dinitroethoxy)methy~-2-imidazoli- 
done and the mixture was stir’red vigorously at 0” C. for 
! hour before it was poured onto ice to give 0.60 g of 
white solid, mp 187”-195” C, Crystallization from di- 
chloroethane gave 0.42 g (65%) of white crystals, mp 
202”-203” C.; H-NMR [(CD3)2W]: S 5.28 (d. 6H), 
4.27 (t, 2H), 3.64 (t, 2H); IR (KBr): 1765 (c---o), 1600 
with shoulder at 1575 (NO2) cm- 1. 

Anal. calcd. for CloH loN9FQ 18: C, 19.98; H, 1.68; N, 
20.97; F, 9.48, Found: C, 20.01; H, 1.M; N, 20.72; F, 
9.45. 

EXAMPLE 11 

l-(Z-nuoro-2,2-dinitrocarbethoxy-3-nitro-2-imidazoli- 
done 

0 
II 

P A 
CF(NO2)2CH20--CN NNCQ 

I I 
CH;!CH2 

Nitric acid (90%) (6 ml) was combined with 21 m! of 
concentrated sulfuric acid stirred in an ice bath before 
3.0 g of 1-tris(2-fluoro-2,2-i~~i~roethoxy)methyl~2- 
imidazolidone was added in portions. The mixture was 
stirred at 0” C. .for 30 minutes and then at 24”-27” C. for 
3 hours before it was poured onto ice to give 1.60 g, mp 
1 W- i 60” C. Crystallization from dichloroethane gave 
1.28 g (76%). mp 162”~166” C. and an additional crystal- 
lization from dichloroethane gwe the analytical sample. 
mp MS*-166’ C.; H-XMR [(CD:!$z0]: S 5&I (d, 
2-l); 4.28 (t. 3-i). 3.91 (t, 2H): IR (KBr): 1820, 1745 
(CZ~), 1607, 1560 (NO?) cm- I; mass spectrum (C.1,): 
312 (M+ 1). 
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12 
Anal. caIcd for C&I&F09: C, 23.16; H, L94; N, 

3-1 W F:, 6.11. Found: C, ‘23.15; H, 1.88; N, 22.16; I=, em.- , 
6.17. 

YR’ 
R”-t-F 

TO those skilled in rhe art, manv modifications and 5 I OR 
variations of the present invention are possible in light 
of the above teachings. It is therefore to be understuod 

wherein: 

that the present invention cxn be practiced otherwise 
(I) R-R’; 
(2) R is selected from the group consisting of 

than as specificaily described herein and stitl be within 10 -CH$(NOz)$X-I;, 
the spirit and scope of the appended claims. 

What is claimed is: 

-CH~C(N0~)3, 
-CH$iZF(N02)7, 
-CH$F@02), and 

3. A fluoroorthoformate of the formula -C&CF;; and 
15 (3) R’ is selected from the group consisting of 

OR 
I 

RO-C-F 
I 
OR 

-CH$ZF(NO&, 
-CH$IFz(NO$, and 
-CH2CF3. 
5. The fluoroorthoformate of claim 4 wherein R is 

20 selected from the group consisting of 

wherein R is selected from the group consisting of 
-CH~C(N02)~CH3, 
-CH2C(N03)3, and 

6. The fluoroorrhoformate of claim 4 wherein R is -CH$F#D), and 
-CH:CFj* 

25 

2. The fluoroorthofurmate of claim 1 wherein R is 

selecred from the group consisting of -CH&ZF(N02)2 --CHKF(N02)2, and 

selected from the group consisring of 
-C&C(NO2)2CH3, 
--CH2C(N02)3, 

and --CH2CF2(Y@). 
3. The fluoroorthoformate of claim 2 which is tris(Z- 

30 

fluoro-2Jdinitroethyl)fluoroorrhoformate. 
4. ,A fluoroorthoformate of the formula 

-CH9ZF2(N02), 
and wherein R’ is selected 

-CH$F(NU&, a& 
--C&CFz(NOl). 

from the 

L * * l l 

group consisting of 

. . 

I 
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